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FOREWORD 



Task LOWENTRY has as its overall objectives the improvement of 
navigation techniques for low-level flight in Army aircraft and 
the development of training methods to teach these techniques to 
aviation personnel, Activities directed toward these objectives 
were begun by the Human Resources Research Office in 1961 at Fort 
Rucker, Alabama, under the sponsorship of the U.S. Continental 
Army Command. 

In Subtask I, An Analysis of the Training Requirements for Low 
Altitude Navigation, factors influencing low altitude navigation 
have been defined, promising approaches explored, and development 
of training begun. In Subtask II, an experimental source text on 
Army aircraft navigation is being prepared. 

As one of several Subtask I studies being conducted to deter- 
mine the feasibility of certain navigation techniques at low alti- 
tude, the work reported here was performed to investigate the effect 
of training on the accuracy of angle estimation. Additional 
reports, in preparation, will deal with other elements of the prob- 
lem of simplifying operational tasks of Army pilots, such as the 
smallest scale map that an Army aviator can use effectively, and 
the influence of map scale, subject task, and coordinate scale usage 
on map locational accuracy, Already published is a Consulting 
Report, Pictorial Navigation Displays and Low Altitude Navigation^ 
by Robert H. Wright and Thomas G. Waller, April 1964. A general 
survey report on factors influencing Army low altitude navigation 
is also being prepared under LOWENTRY I. 

Task LOWENTRY^ Methods for Improving Navigation Training for 
Low-Level Flighu, is being conducted by the Human Resources 
Research Office under Army Contract DA 44~188-ARO-2 and Army 
Project 2J024701A712 01, Tr-^ining, Motivation, Leadership Research. 

The LOWENTRY research is being performed at HumRRO Division 
No. 6 (Aviation), at Fort Rucker, Alabama, with Dr. Robert H. Wright 
as the Task Leader. Tne present Director of Research of the Divi- 
sion is Dr. Wallace W. Prophet; Dr. J. Daniel Lyons was Director 
of Research at the time the research was begun. 

Military support for the study was provided by the U.S. Army 
Aviation Human Research Unit. Task LOWENTRY was begun when 
Lt. Col. Ame H. Eliasson was Unit Chief and con\:inued while 
Maj. Donald J. Haid was Chief. Lt. Col. Berkeley D. More is the 
present Unit Chief, 



MEREDITH P. CRAWFORD 
Director 
Human Resources Research Office 
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PROBLEM 



In the navigation of aircraft, it is sometimes necessary for 
the pilot to determine the heading change or correction angle 
required to get back on course. This angle may be measured or 
er»timated. Results of previous research indicate that measurement 
and certain types of estimation are not feasible during flight at 
low altitudes. 

The present study was conducted to determine the effect of 
training on accuracy of angle estimation and the feasibility of 
using direct perceptual estimation to determine angles of drift. 

RESEARCH PROCEDURE 

Eighteen subjects were randomly divided into three groups--two 
training groups and one control group. One training group was 
trained in angle estimation using angles drawn on plain white 
cards; the other training group used angles drawn both on cards 
and on tactical maps in their training. 

The two Graining groups were tested on angle estimation perform- 
ance, were administered different training programs of approxi- 
mately one-half hour, and then were tested again. One week later 
the training groups were given a third test; they were then pro- 
vided with a job aid and tested a fourth time. The procedure for 
the control group was the same as for the training groups except 
that the control group did not receive any training. 

RESULTS 

The results indicated that: 

(1) Before training, subjects in the training groups esti- 
mated angles of 1° to 18° on maps with a mean absolute error of 
2,57° and a mean algebraic error of -0,20°. 

(2) Training produced significant increases in accuracy 
of angle estimation for both training groups, with mean absolute 
error on maps after training found to be 1,34°, Mean algebraic 
error changed significantly to +0.43°, 

(3) After training, the card items continued to be under- 
estimated, whereas the map items tended to be overestimated. 

(4) The improvement produced by training did not signifi- 
cantly decline after a one-week inter\'al. 

(5) The different training programs did not produce sig- 
nificantly different performance between the two training groups. 

(6) A job aid consisting of reference angles of 5°, 10°, 
and 15° did not significantly improve perfoimance on maps for either 
the training groups or the control group. For the training groups, 
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on the card items the job aid shifted the error from underestima- 
tion to slight overestimation of angle size. 

CONCLUSIONS 

It is concluded that direct perceptual estimation on maps 
appears to be feasible as a technique for determining angles 
of drift, and this ability can be improved by a small arno'jnt 
of training. 
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The Effect of Training 
Accuracy of Angle Estimation 



BEST COPY AVAILABLE 

INTRODUCTION 



The objectives of the research being conducted under Task 
LOWENTRY at HumRRO Division No. 6 (Aviation), Fort Rucker, 
Alabama,^ are to develop improved navigation techniques for low 
altitude flight and to develop training methods to teach necessary 
skills to aviator personnel. 

In tactical environments Army aviators conduct aerial flights 
with obstacle clearances of 1 to 500 feet, at speeds of 35 to 250 
miles per hour. Such low altitude flights subject the aviator to 
much higher task loadings than do flights at higher altitudes, and 
conventional nonradio navigation techniques are found to be inade- 
quate at these levels. The pilot's time and attention must be 
divided between the navigation tasks and all the other tasks asso- 
ciated with controlling the aircraft, avoiding obstacles, and suc- 
cessfully completing specific missions. One approach to providing 
adequate low altitude navigation techniques and training is to 
reduce or simplify the tasks involved. 

One of the pilot's navigation tasks is the determination of 
heading changes for correcting off-course situations. When a pilot 
finds himself off his planned route, he must determine a correction 
angle. This angle can be determined by measuring it on a map with 
a protractor, by computing it with a trigonometric relationship 
called the ''rule of 60," or by visually estimating the size of the 
angle on the map. At low altitudes the pilot's task loading does 
not permit him sufficient time to measure an angle with a protractor, 
and available data^ indicate that errors made using the "rule of 
60" would be unacceptably high. Consequently, the pilot's best 
recourse may be to estimate a correction angle by visual reference 
to his map. 

The experiment reported here was designed to investigate: 

(1) The accuracy with which untrained subjects can 
estimate angles. 

(2) The effect of training on the accuracy of 
angle estimation. 



^The term "U.S. Army Aviation Human Research Unit," which was 
used prior to 1 January 1965 to include both HumRRO staff and the 
Unit supporting military staff provided by the U.S. Continental 
Array Command, is now used, more specifically, to denote the mili- 
tary contingent of the Fort Rucker research group. 

^United States Army Aviation Board, Report of Test. Project 
No. AVN 4860.1/61 Phase III of Man Machine Environment Compati^ 
bility Studies and Test in Support of Surveillance Aircraft Devel^ 
opment^ Fort Rucker, Alabama, 28 May 1962 (FOR OFFICIAL USE ONLY). 
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(3) The stability of training effects over a time 
period of one week. 

(4) The relative effectiveness of two types of training 
materials, which differ in terms of their similarity to the 
criterion task. 

(5) The effect of a simple job aid on the accuracy of 
angle estimation. 

METHOD 

Design and Procedure 

Three groups were utilized in the experiment; two were training 
groups (A and B) and the third was a control group (C) . The two 
training groups were tested on angle estimation performance, were 
administered a training program of approximately one-half hour, and 
then were tested again. The procedure for the control group was 
the same except that no training was administered. 

The instructions given in the various testing and training sit- 
uations are contained in the Appendix. 

Subjects 

Each of the three groups was composed of six subjects--three 
males and three females. The subjects were randomly assigned to 
the three groups, with the restriction that males and females be 
evenly divided among the groups. 

All 18 subjects were personnel of the U.S. Amy Aviation Human 
Research Unit. Seven of the nine males were enlisted men in the 
Army, one was a retired lieutenant colonel, and one was a civilian 
research assistant. Five of the nine females were secretaries, one 
was an administrative assistant, one was a librarian, and two were 
technical assistants . 

Three test forms were used in a counterbalanced arrangement for 
the first three tests. For each subject, the form used for the first 
test was used again for the fourth test. 

Each test form contained 72 items bound in ? loose-leaf note- 
book, one item per page. The 72 items were angles of 1° through 
18° presented four times each. Each angle size was presented twice 
on plain white cards and twice on map sections of scale 1:250,000. 
The cards and the map sections were 5 inches wide and 8 inches 
long. An example of each type of item is shown in Figure 1. 

On card items, the angles were drawn with arms 4 inches long. 
On the map items, a straight line representing a navigation course 
line was drawn across each map section. The course line defined 
one side of the angle; the other side was indicated by a dot on 
the line and another dot off the line. A circle three-sixteenths 
of an inch in diametsr was drawn around each dot. The distance 
between the dots was 4 inches. 

On 18 of the 36 map angles, the o€f-the-line dot was clock- 
wise from the course line and the origin dot, and on the other 18 
map items it was counter'^lockwise . The position--clockwise or 
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Map Item 



Figure 1 
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counterclockwise--was randomly detemined, with the restriction 
that half of the dots fall into each category. 

Orientations of the angles on the cards and maps were balanced 
over 36 compass points spaced at 10° increments beginning at zero. 
Each angle size was presented twice on cards and twice on maps; the 
two presentations of each type of item were at least 100° different 
in orientation. 

Thii order in which the 72 items were presented in a test form 
was randomly determined, with the restriction that adjacent items 
could not be the same angle size. 

Training Materials 

A different training book was developed for each training group. 
For the first group (A), all study items were drawn on cards. For 
the second group (B) , half of the items were drawn on cards and the 
other half on maps. 

Each training book began with instructions for the study session. 
Reference angles of 5°, 10°, and 15° were then pictured; the subject 
was allowed to study these pictures as long as he wished. Then 54 
training items were presented, with each angle from 1° through 18° 
being shown three times. 

The 54 training items were drawn exactly like the test items. 
Orientations were u;.lanced across the 36 compass positions, with 
the restriction hat two of the items for each angle size had to 
be at least lb' different in orientation. Order of presentation 
was randomized, with the restriction that no adjacent items could 
be the same angle size. For Group B, the card-map training group, 
the position of the dot on the map items was randomly determined. 

The correct size of each angle was written on a tab that was 
placed face down near the bottom of the page. An example of a 
card training item is shown in Figure 2. A similar format was 
used for map training items. The subject wrote his estimate of 
the angle size on the answer sheet, then raised the tab and looked 
at the correct figure. If his estimate was correct, he proceeded 
to the next item; if incorrect, he drew a line through his response 
and wrote the correct answer beside it. Each subject was per*- 
mitted to work at his own rate. 

The Job Aid 

A job aid, which is shown in Figure 3, was provided for use by 
all subjects on the fourth test. The job aid was a card 5 inches 
wide and 8 inches long on which referenc:e angles of 5°, 10°, and 
15° were drawn. The three angles had aims 2 1/2 inches long drawn 
as lines radiating from the same origin. The left arm was oriented 
at 360° and was common to all three angles. 

For reference during the test, the card was placed in an 
upright position on a desk at a distance of approximately 28 inches 
from the subject's eyes. 
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RESULTS 



The dependent variable measured was angle estimation error in 
degrees. F max tests^ indicated that the variances were extremely 
nonhomogeneous. Therefore, no attempt was made to subject the data 
to parametric analyses. 

Mean absolute error before and after training is shown for 
each angle size in Figure 4. The "before training" curve includes 
data for the two training groups on Test 1; the "after training" 
curve includes data for the same two groups on Test 2, Error 
increased as angle size increased up to 13°, but decreased slightly 
on the larger angle sizes. The somewhat greater accuracy in esti- 
mating the larger angles may be attributed to the fact that subjects 
were told in the instructions that no angle would be larger than 18°. 

Perfonnance with and without training is reported in Table 1. 

It shows mean absolute error on Tests 1 and 2 and the ratio of error 

^ ^ ^ . ^1 ^ ^ 1 / Test 2 error \ /: ^ . . , ^ . 

on Test 2 to that on Test 1 h;; — — ; , for training and control 

\ rest 1 error/ * ^ 

groups, and for three levels of angle size. At all three levels, 

the ratio of error was lower for the training groups than for the 

(Te St 2 error \ 
— — ; for all angle sizes 

Test 1 error / ^ 

combined was .52 for the training groups versus .83 for the 

control group. 

The training groups showed greatest improvement in estimating 
the small angle sizes; the error ratio increased as angle size 
increased. For the control group, the error ratio decreased as 
angle size increased. 

Mean absolute error for Groups A, B, and C--the card, card- 
map, and control groups respectively — is shown in Figure S (map 
items) and Figure 6 (card items). The same data and that for 
Groups A and B combined are shown in Table 2. 



Table 1 

MEAN ABSOLUTE ERROR AND ERROR RATIO BY ANGLE SIZE 





Training Groups 


Control Group- 


Angle Size 


Mean 


Error 


Error 


Mean 


Error 


Error 


(degrees ) 


(degrees) 


Ratio 


(degrees) 


Ratio 




Tl 


T2 


T2/T1 


Tl 


T2 


T2/T1 


1 - 5 


1.21 


.53 


.44 


.97 


.94 


.97 


6-10 


2.64 


1.30 


.49 


2. 16 


1. 79 


.83 


11 - 15 


2.98 


1.72 


.58 


3.28 


2.42 


.74 


All Angles 


2.33 


1.20 


.52 


2.16 


1.81 


.83 



^B.J. Winer, Statistical Principles in Experimental Design^ 
McGraw-Hill Book Company, Inc., New York, 1962. 
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Table 2 

MEAN ABSOLUTE ERROR ON MAP AND CARD ITEMS 









Map Items 






Card Items 




"roup 




(mean error 


in degrees) 


(mean error 


in degrees) 






Tl 


T2 


T3 


T4 


Tl 


T2 


T3 


T4 


A 


2.82 


1.61 


1.48 


1.41 


2.38 


1.11 


1.48 


1.26 


B 


2.31 


1.06 


1.34 


1.27 


1.80 


1.02 


1.36 


1.02 


A S B 


2.57 


1.34 


1.41 


1.34 


2.09 


1.07 


1.42 


1.14 


C 


2. 17 


1.84 


1.76 


1.75 


2. 16 


1.77 


2.03 


1,49 



To test for the significance of differences among the four 
tests, nonparametric Friedman analyses of variance^ were computed 
on map items and on card items. The differences were not statis- 
tically significant for the control group on either map or card 
items, though the difference for map items approached the .05 
level of significance. 

In general, for map items error decreased from Test 1 to 
Test 2, from Test 2 to Test 3, and from Test 3 to Test 4, although 
only the decreases from Test 1 to Test 2 were statistically sig- 
nificant at less than the .05 level. The only exception to this 
decrease in error between tests was from Test 2 to Test 3 for 
Group B. For card items, error decreased from Test 1 to Test 2, 
increased from Test 2 to Test 3, and decreased from Test 3 
to Test 4. 

The immediate effects of the training programs can be seen in 
Table 2 in the mean error of 2.57° on Test 1 and of 1.34° on 
Test 2 for the combined training groups. This is a 48% reduction 
in error. 

Nonparametric sign tests^ were computed for the differences 
between pairs of tests for each of the three groups separately ^nd 
for the two training groups combined. On map items, error on 
Tests 2, 3, and 4 was significantly lower than error on Test 1, 
in most cases. Test 2 did not differ significantly from Test 3 
or 4; Test 3 did not differ significantly from Test 4. Specific 
probabilities for the differences between pairs of tests on both 
map items and card items are shown in Table 3. 

To facilitate comparison of the three groups on Tests 2, 3, 
and 4, mean errors on Test 2, Test 3, and Test 4 were converted 
to the ratio of mean error on Test 1. The error ratio on map 
items is shown in Figure 7; the error ratio on card items is shown 
in Figure 8. The error ratio for the training groups was lower 
than the error ratio for the control group on all tests for both 
card items and map items. 



^S. Siege 1, Nonparametric Statistics for the Behavioral 
Sciences^ McGraw-Hill Book Company, Inc., New York, 1956. 
^(?p. cit. 
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Table 3 

PROBABILITY LEVELS FOR DIFFERENCES BETWEEN PAIRS OF TESTS^ 



Group 


Test 


Map Items 


Card Items 


T2 


T3 


14 


T2 


T3 


T4 


Card Training Group (A) 


Tl 


,03 


.22 


.03 


.03 


.69 


.22 




TO 
1 ^ 




. oy 


. 69 




. 22 


. 69 




T3 






. 69 






. 38 


Card-Map Training 


Tl 


.03 


.03 


.03 


.03 


.69 


.03 


Group (B) 


T2 




.22 


. 22 




.22 


.69 




T3 






.99 






.69 


A and B Combined 


Tl 


.01 


.01 


.01 


.01 


.39 


.01 




T2 




.77 


. 77 




.04 


.39 




T3 






.77 






.23 


Control Group (C) 


Tl 


.06 


.22 


.06 


.22 


.69 


.22 




T2 




.69 


. 38 




,99 


.22 




T3 






.99 






.38 



'Probabilities are based on results of a sign test. 



Mann-Whitney U tests^ on the ratio data indicated that test 
performance of the two training groups on map items was signifi- 
cantly superior to test performance of the control group on map 
items for Tests 2, 3, and 4. On card items there were no signifi- 
cant differences between the two training groups and the control 
group. There were no significant differences between the two train- 
ing groups on either card items or map items. Specific probability 
levels for the differences between pairs of groups are shown in 
Table 4. 

These results have been based on magnitude of error without 
consideration of direction of error, that is, overestimation or 
underestimation of angle size. Figures 9 and 10 and Table 5 show 
mean algebraic error for the three groups for map and card items, 
respectively* These data show that training produced differential 
effects on map and card item performance, On Test 1 both train- 
ing groups tended to underestimate angle size for both map and 
card items. After training, the training groups continued to 
underestimate angles on Test 2 and Test 3 for card items, but 
changed to overestimating on map items. The differences in post- 
training perfomance between map and card items were tested by 
t test and found to be significant for both Test 2 and Test 3 
(p<.01). 

Figure 11 shows mean algebraic error by angle size on Tests 
2 and 3 combined for the two training groups combined. These 
data indicated that after training, over the range of angle sizes 

^S. Siegel, Nonparametric Statistics for the Behavioral 
Sciences, McGraw-Hill Book Company Inc., New York, 1956. 
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Table 4 



PROBABILITY LEVELS FOR DIFFERENCES BETWEEN 
TRAINING AND CONTROL GROUPS FOR PERFORMANCES 
ON TESTS 2, 3, AND 4 AS COMPARED WITH TEST T 



lest 

Compared with Tl 


Group 


Map Items 


Card 


Items 


B 


C 




r 


T2 


A 


.20 


.07 


.47 


.16 




3 




.09 




.35 




A5B 




.05 




.17 


T3 


A 


.41 


.09 


.47 


.29 




B 




.12 




.41 




A§B 




.06 




.29 


T4 


A 


.35 


.02 


.35 


.47 




B 




.07 




.24 




A§B 




.02 




.29 



^Probabilities are based on a Mann-Whitney U test* 



Table 5 

MEAN ALGEBRAIC ERROR ON MAP AND CARD ITEMS 



Group 




Map 


Items 




Card Items 












T2 




T4 


Tl 


T2 


T3 


T4 


Tl 


T3 


A 




-.36 


+ .52 


+ .08 


+ .94 


-.89 


-.56 


-.90 


+ .35 


B 




-.04 


+ .35 


+ .32 


+ .55 


-.20 


-.66 


-.58 


-.19 


A 


5 B 


-.20 


+ .43 


+ .20 


+ .75 


-.55 


-.61 


-.74 


+ .08 


C 




-.52 


-.63 


-.70 


-.51 


-.93 


-.95 


-.95 


-.56 



Studied, there was a generally consistent tendency toward under- 
estimation of the size of angles for card items and toward over- 
estimation for map items. 

Figure 10 shows that the underestimation tendency for card 
items changed to overestimation on Test 4, apparently as a result 
of using the job aid. A t test on the difference between Test 3 
and Test 4 indicated it to be significant (p<.01). 

The performance of the control group, by contrast, remained 
consistent over all four tests. The control group tended to under- 
estimate angle size. 

DISCUSSION 

Subjects in this experiment exhibited different levels and 
patterns of performance on map items as compared to their perform- 
ance on card items. In actual practice, the pilot's task is to 
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determine heading changes from information presented on a map. 
Therefore, test performance on map items provides the most relevant 
basis for a decision on the feasibility of using direct estimation 
as a technique for determining correction angles. 

The performance of both training groups on map items improved 
markedly after training. Before training, subjects estimated 
angle sizes on maps with a mean error of 2.57^. Immediately fol- 
lowing training, the same subjects estimated angles on maps with 
a mean error of 1.34*^, for a reduction in error of 48%. The control 
group showed only about 15% reduction in error on the second test. 

The slight improvement of the control group with the practice 
provided by testing probably derives from the fact that all subjects 
were informed in the initial instructions that no test angle would 
be larger than 18°. Since the subjects in the control group knew 
that the largest angle was 18°, as the test progressed they proba- 
bly developed a frame of reference upon which they based their 
later judgments. Therefore, it is not surprising that the control 
group showed a slight, though not significant, decrease in esti- 
mation error. 

In this coanection, it may be noted that the overall test 

resul s (Table 1) showed that for the trained subjects the 

Test 2 error , , • • j ^n. 

ratio decreased as angle size increased. The 
Test 1 error ^ 

untrained subjects showed very little improvement on retesting 
for the small angles, but did exhibit a small reduction in error 
on the large angles. This was probably due to the frame of refer- 
ence established from the knowledge that the maximum angle size 
was 18°. Trained subjects, on the other hand, showed an increase 
in error ratio as angle size increased. 

Performance on map items did not significantly deteriorate 
after one week. The lack of serious deterioration in performance 
over this period of time was particularly notable because the 
average training time for subjects in the training groups was 
only 24 minutes. 

Since there were no significant differences between the two 
training groups on Test 2, 3, or 4, a choice between card and 
card-map training should be based on something other than the 
relative performance of the two training groups. In view of the 
differences in performance that were noted between card and map 
test items, it would seem desirable to conduct the training pro- 
gram entirely with map items. This would also be in accord with 
the generally desirable goal of keeping training as realistic as 
is practical. 

The job aid did not improve performance on map items on the 
fourth test for either of the training groups or for the control 
group. That performance did not improve was contrary to expecta- 
tions, particularly for the control group. In this experiment, 
subjects were not given the job aid until the last test, one week 
after the training session. Therefore, no conclusion can be drawn 
relative to the possible effect of providing a job aid before, 
during, or immediately after training. 
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Several considerations are important in determining whether 
or not to provide training in angle estimation to pilots. First, 
is there any actual value to training? Post-training error on map 
items was almost 50% lower than pretraining error in this experi- 
ment. Such a reduction should be of practical value. Second, mean 
error after training was only 1° to 1.5*"^ which indicated that 
trained subjects should be capable of estimating drift angle sizes 
with sufficient accuracy for correcting off-course situations. 
Finally, the training material used in this experiir.eat was rela- 
tively simple and inexpensive to prepare, it could 'je easily dis- 
tributed and administered, and it was studied for an average of 
only 24 minutes per subject. Thus, it appears that angle estima- 
tion training produces an improvement in skill that is feasible and 
desirable for operational use. 

Though the job aid did not improve performance on map items, 
use of a job aid might result in maintaining positive training 
effects over periods of time longer than one week. However, fur- 
ther research would be necessary to establish the value of a job 
aid over long periods of time or to determine the effects of using 
the job aid during training. In any case, the cost of providing a 
suitable job aid would be negligible because the face of a radio 
compass or gyro compass in the aircraft could serve the purpose. 
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Appendix 

INSTRUCTIONS FOR THE THREE GROUPS 



Introduction to the Experiment for All Three Groups 

Please open the notebook before you to the first page and fol- 
low along as I read the instructions. 

The purpose of th experiment in which you are about to par- 
ticipate is to determine how accurately people can identify angle 
size without the benefit of mechanical aids. Don't let the bulk 
of the booklets mislead you. Each test lasts only 12 minutes. 
The entire session will take about an hour, including rest periods 
and instructions. 

You will be given a series of three tests; each test will have 
72 items. Each item will consist of an angle presented on a card 
or map section which you are to examine. When you have examined 
the angle, you must then write your estimate of the angle size in 
the proper blank on the answer sheet. All of the angles fall within 
1° to 18°. They may be oriented in any direction. 

You will be allowed 10 seconds in which to study an angle and 
record your response. The experimenter will time you. You will 
find that 10 seconds is more than adequate time. When he says 
'*next" you must move to the next item. There will be two items 
per page, one on each side. You must answer every question. Some 
of the angles will be drawn on cards and some will be drawn on 
maps. The angles drawn on maps have only one complete side, but 
they have a dot with a circle around it to represent the extent 
of the angle and its origin. 

In the example of a map item you can see a straight line drawn 
across the map, a dot and circle on the straight line labeled B, 

and a dot and circle away 
from the line labeled A. 
You are to estimate the 
angle which could be formed 
by ABC. In other words, 
you are to estimate the 
size of the angle that 
would be formed if a line 
were drawn from A to B. 
You are to use the center 
of the dot as a reference 
point in estimating the 
angle. The circle around 
the dot is not accurate 
but will help you to find 
Example of a Map Item t:he dot. 
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A heavy black line has been drawn at the origin of every angle 
on the maps to help you find it. You may find it necessary to 
search for the dot representing the side of the angle, but you 
can be sure that it is there somewhere not too far from the line. 
One full size exaiTiple of each type item is shown on the next page 
[see page 5 of this report]. 

You are to write your answer to the nearest degree. Do not 
estimate any angle to a half degree. 

Do not look back at items already answered. Do not change an 
answer once you have recorded it. Look at the angle as it is 
oriented on the page; i.e., don't turn the book sideways. 

Remember: 

1. You have 10 seconds to answer each question. 

2. You must answer every item--a wild guess, if necessary. 

3. All angles fall within 1° to 18°, inclusive; i.e., some 
angles will be 1°, some will be 18°. 

4. Estimate by the dot, not by the circle. 

5. Your first reaction may be your best bet. 

6. Be careful to put your answer in the right blank on 
the answer sheet. 

On the next few pages are five examples of the test questions. 
Turn to them now and write down your estimate of each one. The 
experimenter will answer any question that you might have. You 
will not be told the size of the angle on the examples or on any 
of the test questions. 

[At this point, five examples were presentci.J 
Remember: 

1. You have 10 seconds to answer each question. I will 
indicate when you are to go to the next item by saying ''Next.'' 

2. You must answer every item — a wild guess, if necessary. 

3. All angles fall within 1° to 18°, inclusive; i.e., some 
angles will be 1°, some will be 18^. 

4. Estimate by the dot, not by the circle. 

5. Your first reaction may be your best bet. 

6. Be careful to put your answer in the right blank on 
the answer sheet. 

If you have any questions, ask the experimenter now. Once the 
test begins, please do not talk. If you are positive that you 
understand the procedure, tell the experimenter now, and get ready 
to start. Do not turn to the first item until the experimenter 
says "Go.'* 

Instructions for the Study Session for the Training Group 

This is not a test; this is a study session. The purpose of 
this study session is to help you learn to recognize the size of 
angles from 1° through 18"^. First, you will be shown three angles, 
5°, 10°, and 15° in two different orientations. You may compare 
them as long as you wish. Then, you will be given a series of 
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angles to identify. As you look at each angle and estimate it, 
write down your estimate in the first blank opposite the corre- 
sponding number on the answer sheet. Next, lift up the tab at 
the bottom of the page. Under the tab will be shown the correct 
size of the angle. Read the correct size and look at the angle 
again. If you have identified the angle correctly, go right on 
to the next one. If you did not identify the angle correctly, 
draw a line through your incorrect answer. Then, write the correct 
answer in the second space on the answer sheet. When you have 
done that, go on to the next question. 

Some of the iiems will be on cards, and some will be on maps.^ 
Don't worry about how close you come to being correct. You will 
not be timed on each item, but your total time for the study ses- 
sion will be recorded. Work as accurately as you can, but do not 
waste time. Remember, you can look at the first set of angles as 
long as you like, but you may not turn back to it. Nor may you 
turn back to any angle which you have already identified. 

In summary, your procedure is this: 

A. Study the first set of angles. 

B. Study the series that follows. 

1. Look at an angle and estimate its size. 

2. Record your estimate in the first space on 
the answer sheet. 

3. Lift up the tab and read the correct size. 

4. If correct, proceed to the next angle. 

5. If incorrect, look at the angle again. 

6. Cross out your wrong response and write the 
correct size in the second space. 

7. Proceed to the next question. 

If you have no questions about the study procedure, you may 
begin. Be as accurate as possible, but do not waste time. 

Instructions for the Control Group 

For the next 50 minutes you are to rest and engage in activ- 
ities unrelated to angle recognition. 

For the first five minutes you will be free to do whatever you 
please. You may read, get some coffee, or just wait; but you 
are not to do anything related to angles or angle recognition. 

Then for 20 minutes you must sit at the table. You may look 
at the National Geographic magazines or you may sit quietly, but 
you must sit at the table. 

For the last five minutes you will again be free to do what- 
ever you wish within the limits stated above. 

Do you have any question about the next 30 minutes? 

Instructions for T3 for All Three Groups 

This test will be conducted just like the first test you had 
last week. There are 72 items; you will be given 10 seconds on 



^For the group trained on cards, this sentence was changed to 
read: "All of the items will be on cards." 
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each one. I will indicate when you are to go to the next question 
by saying "Next." 

Do not change answers or use your pencil as a measuring aid. 

Instructions for T4 for AH Three Groups 

On this last test you will be provided a card with three angles 
drawn on it: 5^, 10°, and IS*'. You may keep this card before you 
throughout the test and use it as a reference. Please notice that 
the sides of the angles on the reference card are shorter than the 
sides of the angles on the tests. Before the test begins you may 
examine the reference card as closely as you wish. However, once 
the test begins please do not move it from its position on the 
table, nor move from your chair to get closer to the card. 

Except for the use of the card, the procedure on this test will 
be the same as on previous tests. You will, as before, be given 
10 seconds on each item. Please do not change answers. 

Any questions? 
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